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A small bit of personal history



From 1966 - 1993, I was a research scientist using 
this virus that infects bacteria to study the 
mechanism of heredity (DNA replication)

Bacteriophage T4



After 27 years running a research laboratory, 

I was suddenly selected as the full-time 

president of the US National Academy of 

Sciences



My education in Washington, DC

1993 to 2005

A sudden shift from science to science 

policy



The central lesson from my 12 years in 

Washington

It is critically important that science, 
science teachers, and scientists, achieve 

a much higher degree of influence
throughout both their nations and the world.



SCIENCE FOR POLICY

Why scientific judgments are crucial for all 
policymakers

• Science has allowed humans to gain a deep 
understanding of the natural world.

• In many cases, we can therefore predict the effects 
of current actions on the future.





www.NAP.edu
Free full text of 5000 books on-line, accessible 

through a powerful search engine.

Science to underlie policymaking 



An important part of my education at the 

Academy was recognition of the critical 

importance of

Science for all !

POLICY FOR SCIENCE



Lake Victoria, western     

Kenya, 1998



My final issue as 

Editor-in-Chief of 

Science 

magazine 

May 31, 2013

Based on an April 2013 trip to 

India with Science news staff



Science and technology can make a major 

difference for national development through many 

interventions. 

But most of these are much too fine-grained for 

outsiders to expect to be able to solve other 

nation’s problems.

What have I learned



For every nation, strong institutions for 
science, health, and technology are key 

• Scientists are unlikely to be effective in either their work or in 
guiding the decisions made by their nations without strong 
institutions to support and harness their efforts. 

• To develop, harness, and retain the talent needed in every 
nation, building and supporting effective merit-based 
institutions for science, health & technology must become 
a key goal for development.



The promise of world science collaboration



The first InterAcademy Council Report:

A Guide for S & T Capacity Building



Of equal importance, we also need much more of 

the creativity, rationality, openness, and tolerance 

that are inherent to science --- what Indian Prime 

Minister Nehru called a “scientific temper” -- for the 

success of every nation

A SCIENTIFIC TEMPER



Values of Science

• Honesty

• Generosity

• A strong demand for evidence, with openness  

to all ideas and opinions irrespective  

of their source



“The society of scientists is simple because it has a 
directing purpose: to explore the truth. Nevertheless, it 
has to solve the problem of every society, which is to 
find a compromise between the individual and the 
group. It must encourage the single scientist to be 
independent, and the body of scientists to be tolerant. 
From these basic conditions, which form the prime 
values, there follows step by step a range of values: 
dissent, freedom of thought and speech, justice, 
honor, human dignity and self respect. 

Science has humanized our values. Men have 
asked for freedom, justice and respect precisely as the 
scientific spirit has spread among them.”

Jacob Bronowski, Science and Human Values, 1956

My favorite quote



SPREADING THE SPIRIT OF SCIENCE

Ambitious goals: some strategies

Strategy 1, education:

To generate a scientific temper for each nation, we 

need to redefine what is meant by “science education” 

at all levels, from age 5 through college.



The image we want for science



An 8-year old US student comes home from 
school and tells his mother:  

“Now I get it, science is just like spelling; you 
just need to memorize it and it doesn’t make 
any sense.”

A Disturbing Recent Fact



What science should look like in school

12 year-old students in San Francisco



What 5 year olds can do 

1) Put on clean white socks and walk around 
school yard.

2) In class, collect all black specks stuck to socks 
and try to classify them: which are seeds and 
which are dirt?

3) Start by examining each speck with a 3 dollar, 
plastic “microscope”.

4) End by planting both those specks believed to  
be dirt and those believed to be seeds, thereby 
testing their own idea that the regularly shaped 
ones are seeds.



To remove a major barrier to progress at the 

precollege level, science education at the 

college level must change



An Important Barrier to Progress

The traditional lecture format allows a single 

professor to  “batch process” many hundreds 

of students through an introductory science 

class.

Can we create much better alternatives 

without a great increase in cost?



Interactive, “no lecture” science classroom

University of Minnesota

(22 tables, each with 9 chairs, two computers, overhead screen)



Active learning in college biology class



Science magazine has been trying to help: 

special issues on education

April 19, 

2013



24 winners of a college science prize were 

published in 2012 and 2013 (“IBI Prize”)



Over 50 Science papers have been annotated 

and are ready for use in the classroom



An open-access website to know
http://portal.scienceintheclassroom.org



SPREADING THE SPIRIT OF SCIENCE

Strategy 2, partnerships:



Why everything depends on 

scientists getting involved

• It is much easier to teach science poorly, as the 

memorization of science facts, than to teach science well.

• Most current teachers are uncomfortable when students 

ask questions for which the teacher is unprepared.

• A stable and consistent external scientific community is 

therefore  needed to support both schools and school systems 

for the many years that it will take to create outstanding school 

science education. 



The Amazing Power of Local 

Science-Education Partnerships

• Scientists are urgently needed to support 

teachers. 

• And scientists have a great deal to learn from 

outstanding teachers of children age 5 to 18 

that will improve our own teaching.



School of Medicine

Volunteer programs at my university, 
UCSF

Each year:

• Active in 90% of San 
Francisco schools

• Benefit ~21,000 students

– 40% of SFUSD K-12 
Student Population

• Involve >350 Teachers 
and > 250 UCSF 
Volunteers
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• Scientist volunteers contribute >10,000 hours



37

When scientists partner with teachers, they also 

discover how poorly most school systems are run

And they come to realize that “experienced, effective 

teachers are a vastly underutilized resource in education 

systems… perhaps the only resource that can truly create 

the change and improvements that students and teachers 

deserve.”



Science magazine, January 15, 2016 



Scientists cooperating to catalyze a worldwide effort



SPREADING THE SPIRIT OF SCIENCE

Strategy 3, promoting scientific knowledge as a 

“public good”: 

This requires both free Web-based knowledge 

resources and the availability of inexpensive 

bandwidth for all universities.



One attempt to spread good science

For students, includes my short talk on “The Importance of Failure”

www.iBiology.org



The hybrid Open Access/Open Archive 

publishing model at PNAS

April 19, 2013

• Immediately free to everyone in 139 developing nations.

• Free after 6 months everywhere else.



SPREADING THE SPIRIT OF SCIENCE

Strategy 4, empowering our best young

scientists:

They are much more likely to be effective 

“ambassadors for science” than we are -- and 

they tweet and use Facebook!



An important tool for strengthening science      

– both in each nation and across the globe –

is the formation of “Young Academies”

The first Young Academy was 

formed in Germany in 1995. To 

date, 25 nations have formed such 

academies.

And a Global Young Academy 

headquartered in Berlin works to 

support this new idea 

(www.globalyoungacademy.net).

Scotland

South

Africa



SPREADING THE SPIRIT OF SCIENCE

Strategy 5, developing scientists as 

connectors:

To spread science, we must spread 

scientists



• These individuals are invaluable for connecting the scientific 
community to the very different cultures of government, pre-
college education, law, the media, business, etc.

• A model is the 45-year old “AAAS Science & Technology 
Fellowship” program that brings nearly 200 young scientists 
and engineers to work in Washington each year.

Generating a scientific temper for our nations, 
requires scientifically trained people in all 

professions



Scientific community 

Congress, or 

Government agency 

What I saw in Washington: strong interactions 

between individuals with a science background 

can bridge very different cultures



California state Legislature’s Science and Technology 

Policy Fellows, year 1



California state Legislature’s Science and 

Technology Policy Fellows

To date, 6 classes of these fellows have finished their one-

year terms.

When the first 10 fellows were initially offered to the 

Legislature, it was hard to find places that wanted them.

After this first year, attitudes changed completely.  In fact, 

about half of the 60 graduates of this program have now been 

permanently hired in policy roles, 13 by the state Legislature 

Both the Legislature’s appreciation of scientists and its 

use of science for decision-making have dramatically 

improved!



TO SPREAD SCIENCE

We need to create new career paths for 
PhD’s, recognizing the value of scientifically 

trained people in many professions



Important questions 

• How can we improve career development for 

graduate students?

• When should career training & mentoring 

occur?
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A leading effort in the USA
http://career.ucsf.edu/



Strategies at UCSF to improve career 

development for graduate students

1. Individual Development Plan (IDP) online tool

– Used to guide and organize an individual’s 

career development

2. Graduate Student Internships for Career 

Exploration (GSICE)

– Offers hands-on experience in a non-academic 

research setting



• Consider long-term career goals

• Assessing self (skills, values, interests)

• Choosing alternate long-term career goals

• Set short-term, specific goals to help the individual 

work toward his/her long-term goals

• Exploring career options

• Improving particular skills

• Completing key projects

• Getting relevant experience for the future 

• Building a network
54

What is an IDP? 
It is an individual’s unique annual plan to…



Graduate Student Internships for 

Career Exploration (GSICE)

The Vision:   Life science PhD students will have the 

support and opportunities to make free and informed 

career decisions by the end of graduate school.
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How does GSICE facilitate career 

decision-making?

• Mentorship

• Receive dedicated mentorship around exploring 

and pursuing non-traditional science careers

• Professional skills training

• Develop the professional and transferable skills 

necessary for non-academic careers

• Experiential learning

• Three month, full-time internship outside of 

an academic research setting

56



Types of internships chosen

• Science communication, education & 
policy internships

• Biotech research internships

• Intellectual property law internships

• Business relating to science internships

57



The desired impact of such strategies

1. Change academic culture to value a diversity of 

career paths

1. “Non-traditional”  careers become viewed as 

standard career paths that contribute greatly to 

the overall scientific enterprise.

A broadening of what funding agencies consider to 

be a doctoral student’s “successful outcome”.
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2.  Increase the attractiveness of advanced science  

education for all students



59

A call to action: PNAS,  April 2014
More goals than those discussed today
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Judith Kimble        Freeman Hrabowski

Launching a “Rescuing Biomedical Research” 

movement by expanding the “Gang of 4” to 16

Daniel Colón-Ramos

Nancy Andrews

Jessica Polka

Harold VarmusMarc KirchnerShirley Tilghman
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http://rescuingbiomedicalresearch.org



“Science knows no country..

Knowledge belongs to humanity..

It’s the torch that illuminates the world.”

Louis Pasteur
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